Introduction
As a result of traumatic events bones can fracture. They can be stabilised with osteosynthesis plates or intramedullary nails. In most cases the implants need to be removed within a second surgery. For smaller and unloaded bones biodegradable implants out of PLLA for example can be used [1] . These implants resolve in the body over the healing time. Therefore a second surgery is not necessary. As a result of the degradation the stiffness of the implant decreases with time, while the stiffness of the healing bone increases. But the stiffness of these materials is poor. Contrary to PLLA the stiffness of magnesium and its alloys is higher and more similar to bone and magnesium is needed for metabolism. The degradation velocity can be adjusted by different alloying elements [2] . Until now the corrosion mechanisms are not understood completely. The aim of this study is to examine the changes in the material behaviour of intramedullary nails out of LAE 442 within ovine tibiae within a time period of six month. Additionally, Finite Element (FE) simulations were performed to recalculate the changes of the material properties on the basis of four point bending tests. These results will be used to simulate the combination of healing bone and degrading intramedullary nails with different fracture types.
Methods
Intramedullary nails out of LAE 442 were implanted in the right tibia of German Black Headed Mutton sheep. The nails were fixed with four locking screws. After six month the animals were sacrificed and the nails were explanted. To get information about the material properties and possible changes in the surrounding tissue, only the middle part of the nail was explanted. The distal and proximal ends were used for histological examinations. The diameter of the implants was measured. Four point bending tests were performed with pre-implanted nails and nails six month after implantation. The load and the displacement were recorded. The bending stiffness c nail of each implant was calculated as follows for the elastic range: 
w is the displacement and F the force at each time of measuring i. A FE model of the four point bending test was generated on the basis of Figure 1 and Table 1 . 
All simulations were performed with Abaqus® from Dessault Systems version 6.11. The rolls were simulated as rigid bodies. Contact was assumed between each roll and the nail. In the middle of the nail the translation normal to the bending direction was prohibited just for a small area in the centre. The rolls underneath the nail were fixed in each direction. The rolls on the top were able to move towards the nail. They were loaded with 450 N each. The nail was meshed with linear tetrahedrons. For simulations of the pre-implanted nails the Young's modulus of E = 43.5 GPa and the Poisson ratio of ν=0.35 were used. The appearance of the nail after an implantation time of six month caused to the assumption that the degradation process is similar to a diffusion process. Therefore, the Young's modulus of the implanted nail was changed as a gradient from the unmodified Young's modulus in the middle to the lower Young's modulus at the surface. Under the assumption of a linear gradient and a quadratic gradient the material properties were adapted to the results of the four-pointbending tests in an iterative process. Later on these results will be used for simulations of the combination of the intramedullary nails and bones.
Results
The structure of the nails after explantation did not show significant changes. But the comparison of the results of the four-point-bending tests before and after implantation showed a decrease of the bending stiffness of nearly 20%. Figure 3 shows the von Mises stresses of an intramedullary nail under four-point-bending. Under the assumption that the Young's modulus does not change in the middle of the implant and a linear gradient for the diffusion, the Young's modulus on the surface decreases to 26GPa for a reduction of the bending stiffness of 30%. Under the assumption that the Young's modulus changes from the middle to the surface as a polygon of second order the Young's modulus on the surface was down to 24.5 GPa.
Discussion
It was possible to show that the animals tolerate intramedullary nails out of magnesium alloys. The surface structure and the diameter of the implants did not change significantly within six month. That leads to the assumption that diffusion processes play a role within the degradation of LAE442. This study shows one possibility to explain the observed phenomenon of the decrease in bending stiffness. The results of the Young's modulus on the surface for a linear and a quadratic gradient just differ slightly. It will be necessary to test the material properties on the surface at different stages of degradation and in different depth of the nail to confirm the assumptions. It was already possible to simulate the primary stability of the system of an intramedullary nail and the fractured bone. The results of this study can be used to figure out whether the stiffness of the intramedullary nail will be still sufficient to stabilize a fracture over the healing process.
